EA surfactant was synthesised as described previously. [1] Prior to on-chip use, all solutions were filtered (0.2 µm, polytetrafluoroethylene, Fisher Scientific, Switzerland).
A. Microfluidic device fabrication
Microfluidic devices were fabricated using an identical protocol to ensure consistency.
The fluidic channel pattern ( Figure 1 ) was created in AutoCAD (Autodesk, 2012) and printed on a high-resolution film photomask (Micro Lithography Services, UK). SU8-3050 (MicroChem, Micro Resist Technology, Germany) was spin-coated (2700 rpm for 30 s, SM-180-BM, Sawatek) onto a silicon wafer (Si-Mat, Germany) that was previously dehydrated at 200
• C for 10 minutes. After baking (95 • C, 15 minutes), the wafer was exposed to UV light (375 mJ/cm 2 with hard contact, MA6, Suss MicroTec) through the photomask and baked again (95 • C, 5 minutes). The unexposed SU8 was then removed from the wafer (mrDev 600 for 8 minutes, micro resist technology, Germany). The height of the SU8 features was determined to be 42.5 µm ± 1 µm (Keyence VK-X100, Belgium). The surface of the wafer was silanised by placing the wafer and 50 µL of chlorotrimethylsilane (≥ 99.0 %, Fluka-Chemie, Switzerland) under vacuum for 45 minutes. Polydimethylsiloxane elastomer (Sylgard 184, Biesterfeld AG, Switzerland) base and curing agent were mixed in a 10:1 ratio (approximately 50 g per wafer) and the wafer was placed in a polyoxymethylene wafer ring to limit the PDMS elastomer to the wafer edge during curing. The PDMS elastomer was degassed for around 1 hour under vacuum and placed in an oven at 60
• C for 19 hours.
After cooling, the PDMS slab was gently peeled off the wafer and covered with Scotch tape (3M, France). Access holes were punched using a manual press (gauge TEP-045, Schmidt
Technology, Germany) to fit 1/16 inch outer diameter tubing (250 µm interior diameter, fluorinated ethylene propylene, Polyflon Technology Limited, UK). To make the bottom part of the devices, glass microscope slides (Thermo Scientific, Germany) were cleaned with acetone and isopropyl alcohol (IPA). Slides were dried thoroughly and degassed PDMS elastomer (prepared as above) was spin-coated onto the slides (1200 rpm for 25 seconds, Spincoat G3P-8, Speciality Coating Systems, UK). The layer thickness was determined to be approximately 15 µm (Dektak 6M, Veeco, UK). The PDMS-covered slides were then baked overnight at 60
Prior to bonding, both parts of the device were cleaned with washing-up liquid and deionised water (DI), rinsed well with DI water and cleaned with IPA followed by ethanol.
Devices were then dried with filtered air and dehydrated on a hotplate at 90
• C for 30 minutes. Dry devices were plasma activated (EMITECH K1000X, Quorum Technologies, UK) under set conditions (negative polarity, 1x10 −1 mbar cycle vacuum point, 25 mA plasma current, 1 minute coating time), bonded and placed in an oven at 60
• C for a minimum of 16 hours. Devices were silanised prior to use by filling the channels with 5 % v/v PFOS (ABCR, Germany) in IPA and allowing it to rest for 1 minute. Channels were then emptied by manually applying vacuum and the devices were placed in an oven at 60
• C for 90 minutes. Devices were then immediately filled with oil and immersed in either DI water or oil (Table S1 ) overnight prior to use. A new device was used for each experiment.
B. Droplet-based microfluidic experiments
Two 1000 µL glass gas-tight syringes (1001TLL, Hamilton, USA) were cleaned using IPA and acetone prior to each experiment and additionally with soapy warm water when changing the continuous phase. The aqueous and continuous phases were delivered through 42 and 35 cm pieces of tubing (measured from the syringe to the device inlet) respectively.
Both outlets were connected to T-valves (Micro-Metering and Micro-Splitter Valve, P-445, Ercatech, Switzerland) using 11 cm of tubing, and 15 cm of tubing was used to connect the T-valves to the collection container. All experiments were conducted using two Aladdin pumps (AL-1000, WPI-Europe, UK) and imaging was performed on an Axiovert 100 light microscope (Zeiss, Switzerland) with Epiplan-Neofluar 2.5x and Plan-Neofluar 10x objectives (Zeiss, Switzerland). Photographs and videos were recorded using a DALSA Genie highspeed colour camera (HC640, Stemmer Imaging, Switzerland). All videos were recorded at 300 fps unless otherwise stated.
After removing devices from their storage fluids, they were cleaned using acetone and dried using compressed air. Each device was then primed for 5 minutes with continuous phase (5 µL/min), after which water was introduced at 5 µL/min until the aqueous front reached the inlet. From then on the flow rates were adjusted to form droplets at 3 µL/min oil and 1.5 µL/min water for all experiments with FC-40; 4.1 µL/min oil and 1.1 µL/min water for all experiments with FC-770 and 2 µL/min oil and 0.4 µL/min water for the rest.
After a 5 minute equilibration time at these flow rates, the valve at the storage chamber outlet was opened (valve 2, Figure 1 ) and the direct outlet (valve 1, Figure 1 ) was closed.
Valve actuation was performed over the course of several minutes so as to prevent excessive forces acting on the formed droplets. The system was run in this fashion until it reached equilibrium (approximately 5 minutes) before droplet samples were taken.
To prepare the microfluidic device for droplet storage, the storage chamber outlet (valve 2) was closed and the water pump set to withdraw at 0.5 µL/min until the aqueous phase tubing was filled with oil. Both flows were then stopped and both T-valves were alternately opened and closed in order to keep the droplets within the storage chamber and maintain the flow within the device until both valves were fully open. The tubing was then cut directly at the Luer-Locks and T-valves. Storage images were always taken after this process and the device was then reimmersed in its storage fluid. When droplets were evenly distributed over the storage chamber, images were taken according to an elliptical grid pattern.
C. Micelle formation at droplet surfaces
Droplets were produced on a PFOS-treated device filled and submerged in mineral oil as described above. An off-chip storage container was prepared using two 11 cm pieces of 5 tubing and a 1.5 mL Eppendorf tube (Safe-Lock Tube, Eppendorf, Germany). Using a 1/16 inch diameter puncher, holes were punched into the lid and the rounded bottom of the tube.
Tubing was inserted into each hole, placed flush with the inner surface of the tube and fastened from the outside using ethylene-vinyl acetate hot-melt adhesive. The device was connected as usual, but the tubing from the rounded end of the mineral oil filled off-chip storage container was connected directly to the outlet of the on-chip storage chamber. The device was flushed with continuous phase (0.5 % Span 80 in mineral oil, w/v) for a short time and then droplets were produced at flow rates of 2 µL/min and 0.4 µL/min for the oil and aqueous phases respectively. Droplets were collected over the course of three hours, during which the Eppendorf tube was kept vertical with the inlet on the bottom, allowing droplets to accumulate on the bottom covered by mineral oil. Videos were taken using a
Nikon Eclipse Ti-S and a Nikon S Plan-Fluor 40x objective with a TCA-3.0 Tucsen CMOS camera (1/2, 3MP Tecmon, Germany) recording in real time. A syringe filled with mineral oil was connected to the tubing on the lid-side of the off-chip storage container and a drop of the emulsion was pressed onto a microscope slide. The flow seen in Video S6 was caused solely by the expansion of the emulsion drop on the glass slide.
D. Long-term on-chip droplet storage
The control experiment for the droplet storage experiment was conducted using a PFOStreated device filled with FC-40 and stored in water overnight prior to use. Droplets were made using 2 % EA surfactant and stored on-chip. The device was then stored in air and hourly images of the droplets were taken over the course of 6 hours, and once again 18 hours later. There were no droplets in the device at the 24 hour time point. The long-term storage experiment itself was executed in the same manner, but the device was stored in water between image acquisition over a period of 7 days. Further details are shown in Section VIII.
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III. for the oil/surfactant combination used for droplet formation and the flow rates at which it was possible to form droplets in each case. The dispersed phase is always DI water. experiments. The frame rate of all videos is 10 fps unless otherwise stated.
• Video S1 -Beading. Continuous phase, FC-40 (5 µL/min); dispersed phase, DI water (1 µL/min); surfactant, 36 % PFO and 5 % PEG; device treatment, PFOS / FC-40 / water.
• Video S2a -Droplet splitting at a constriction. • Video S2b -Droplet splitting at a pillar. Continuous phase, mineral oil; dispersed phase, DI water; surfactant, 5 % ABIL; device treatment, PFOS / FC-40 / water.
• Video S3 -Satellite droplet formation. Continuous phase, FC-40 (4 µL/min); dispersed phase, DI water (0.5 µL/min); surfactant, 30 % PFO and 5 % PEG; device treatment, PFOS / FC-40 / water. The frame rate is 2 fps.
• Video S4 -Droplet interface bilayer formation. Continuous phase, soybean oil (2 µL/min); dispersed phase, DI water (0.8 µL/min); surfactant, 1 % Span 80; device treatment, PFOS / SBO / SBO.
• Video S5 -Droplet merging. Continuous phase, FC-40; dispersed phase, DI water; surfactant, 5 % Zonyl FSO-100; device treatment, PFOS / FC-40 / water.
• Video S6 -Micelle formation. Experimental information is detailed in Section II.
The frame rate is 3 fps.
• Video S7 -Non-permanent droplet adhesion. Continuous phase, hexadecane (3 µL/min); dispersed phase, DI water (1.4 µL/min); surfactant, 10 % Span 80; device treatment, PFOS / HD / HD. The frame rate is 60 fps.
• Video S8 -Surfactant-monolayer interactions. Continuous phase, FC-40; dispersed phase, DI water; surfactant, 2 % EA surfactant; device treatment, PFOS / FC-40 / water. The frame rate is 2 fps.
• Video S9 -Co-flow. Continuous phase, mineral oil; dispersed phase, DI water; surfactant, 2 % SDS; device treatment, PFOS / FC-40 / water.
• Video S10 -Dripping mode. Continuous phase, FC-40 (2 µL/min); dispersed phase, DI water (0.5 µL/min); surfactant, 36 % PFO and 5 % PEG; device treatment, PFOS / FC-40 / water.
• Video S11 -Localised adhesion. Continuous phase, FC-40 (4 µL/min); dispersed phase, DI water (1.5 µL/min); surfactant, 30 % PFO and 2 % PEG; device treatment, PFOS / FC-40 / water. The frame rate is 30 fps.
• Video S12a -Generalised substrate-driven droplet deformation. Continuous phase, mineral oil; dispersed phase, DI water; surfactant, 1 % Span 80; device treatment, PFOS / FC-40 / water.
• Video S12b -Localised substrate-driven droplet deformation. Continuous phase, soybean oil (3 µL/min); dispersed phase, DI water (1.5 µL/min); surfactant, 1 % Span 80; device treatment, PFOS / SBO / SBO. The frame rate is 2 fps.
• Video S13 -Tip-streaming. Continuous phase, oleic acid (10 µL/min); dispersed phase, DI water with methyl blue dye (3 µL/min); surfactant, none (the OA can act as a surfactant); device treatment, none. The PDMS device was cast from a 3D printed master and hence the channel surface was rougher than that of PDMS devices cast from an SU8 master. The frame rate is 5 fps.
• Video S14 -Wetting. Continuous phase, mineral oil; dispersed phase, DI water; surfactant, none; device treatment, PFOS / MO / water.
• Tertiary phase formation. Continuous phase, FC-40; dispersed phase, DI water; surfactant, 1 % EA surfactant; device treatment, PFOS / FC-40 / water. Photo was taken after 6 days of droplet storage.
• Budding. Continuous phase, mineral oil; dispersed phase, DI water; surfactant, 1 % Span 80; device treatment, PFOS / MO / MO. Photos were taken as soon as the storage experiment was initiated and after a day of droplet storage.
• Raft-driven droplet deformation. Continuous phase, FC-40; dispersed phase, DI water; surfactant, 2 % EA surfactant; device treatment, PFOS / FC-40 / water.
Photo was taken after 7 days of droplet storage.
• Video S15 -Substrate-driven droplet spreading. Continuous phase, mineral oil; dispersed phase, DI water; surfactant, 10 % Span 80; device treatment, PFOS / MO / water. Photos were taken within 30 minutes of initiating the droplet storage experiment. Photos are played at 1 frame per second in the video.
• Droplet storage systems. Droplet images were taken throughout the course of 6 hours and 7 days for the control and water-soaked storage systems respectively.
The program used to measure the radii of the droplets in the images was written in Python (version 2.7.6). This detects droplets using the OpenCV (Version 2.4.7) function HoughCircles. The function is based on Canny edge detection [2] and the Hough transform [3] of the image. Optionally, the images can be filtered through a Gaussian blur for better edge detection in slightly out of focus images. Additionally, the ability to selectively delete and draw new circles by hand in the case of miscalculated or undetected droplets was added. Droplet volume calculations were performed using a conversion factor of 1.423 µm/pixel and, to increase the accuracy of volume calculations, the droplets were treated as spheres when smaller than the channel height, and as cylinders when larger than the channel height. b) The model presented in this paper was altered so that droplets were inserted at time zero so as to better correlate with the experimental data. The model was run for sufficient model time to allow the wall coverage to reach an equilibrated value of relative abundance, which was determined from the fluctuation within the graph using the geometric mean. The relative abundance is the ratio of surfactant present on the wall surface compared to the theoretical maximum surface sites available for surfactant packing. The relative prevalence of wettable wall surface was calculated by subtracting these values from one. These data are then plotted against the frequency at which droplets are introduced, which is a direct proxy for the water fraction. As has been previously stated the model uses broadly estimated values for distribution coefficients, kinetic constants and wall site concentrations, and it can therefore only provide qualitative predictions. However, the prediction from the model that the degree of wetting increases non-linearly with increased water fraction is upheld by the data.
VI. MICELLE "EVAPORATION" IN DROPLET SYSTEMS
Poisson's equation (Equation 1 ), where c is concentration and ∇ is Del, was solved using the partial differential equation toolbox in Matlab. The droplet is considered an infinite source of water with an arbitrary concentration at the droplet boundary of 10. The diffusion coefficient of water in oil was set to 1x10 −9 cm 2 s −1 , which is an approximation of the coefficient of linear diffusivity calculated from the Stokes Einstein radius of a water molecule in an oil of water-like viscosity, as is the case in most microfluidic systems.
Micelles form when surfactants are present at concentrations above the critical micellar concentration (cmc), as is the case in the experiment presented in this study. As Figure 3 shows, near the droplet boundary there is a high concentration of water in the oil phase.
Therefore there is a higher chemical potential of water outside the micelle than inside, so the net flow of water is into the micelle, causing inflation. As the micelle moves away from the droplet surface, it enters a region of lower water concentration, and hence the net flow of water is out of the micelle, leading to rapid deflation to a true micellar state. This gives the impression of micelle "evaporation". 
